of detectable NIIs may not be a sufficient event for neuwere observed in these mice, suggesting that nuclear ronal cell death mediated by mutant huntingtin.
localization of ataxin-1 is required for Purkinje cell neuIn an elegant study in a recent issue of Cell, Klement ropathogenesis, the onset of neurologic symptoms, and et al. (1998) assessed the role of ataxin aggregates in NII formation in the SCA transgenic mice. Thus, nuclear the SCA1 disease process. Transgenic mice expressing translocation, but not the formation of detectable nuan ataxin-1 construct in which a previously described clear inclusions, is required to induce neuronal apoptoself-association region was deleted were shown to desis by mutant huntingtin in cultured striatal neurons velop ataxia and Purkinje cell pathology in the absence (Saudou et al., 1998) or to develop neuropathogenesis of NIIs, again suggesting that NIIs are not a necessary by mutant ataxin-1 in SCA transgenic animals (Klement prerequisite for pathogenesis. Together, the data from et al., 1998). Although translocation of the mutant protein Klement et al. (1998) and Saudou et al. (1998) suggest to the nucleus is a critical step for pathogenesis, it is that detectable NIIs are more akin to nuclear "fallout" questionable as to whether inhibition of nuclear transas opposed to constituting a nuclear "threat." port will ultimately be useful for providing a potential NIIs found in all polyglutamine diseases have been means for therapeutic intervention, as it may interfere demonstrated to be ubiquitin positive (Lunkes and Manwith the normal function of these and other proteins, del, 1997; Ross, 1997; Davies et al., 1998 al., 1998) . These data suggest that formation of ubiquithe nuclear presence of the expanded protein is clearly tin-positive NIIs may be associated with an ataxin-1-instrumental in pathogenicity. Because nuclear fractions mediated perturbation in proteasome function and/or isolated from brains of HD patients contain only trunmisfolding and subsequent aggregation of ataxin-1-cated polyglutamine-containing fragments of the N-tercontaining expanded polyglutamine tracts (Cummings minal region of huntingtin (DiFiglia et al., 1997), two poset al., 1998). A potential link between dysfunctional prosibilities present themselves: (1) only proteolytically teasome-mediated catabolism and mutant huntingtin processed fragments containing the pathogenic exhas been previously implicated by the finding that hunpanded glutamine tracts are transported to the nucleus, tingtin interacts with HIP2, a 25 kDa E2 ubiquitin-conjuand (2) the full-length mutant protein is first translocated gating enzyme (Kalchman et al., 1996) . Thus, both huninto the nucleus and then subjected to proteolytic protingtin and ataxin-1 have been linked to perturbations cessing or ubiquitin-dependent degradation, although in proteasome function, raising the question of whether the expanded polyglutamine-containing N-terminal rethis leads to NII formation and/or enhanced cell death.
gion remains resistant to degradation. In any case, it In the recent report by Saudou et al. (1998) , cotransfecremains important to determine whether nuclear localtion of plasmids encoding mutant huntingtin and a domiization and/or its consequences require proteolytic nant negative form of the ubiquitin-conjugating enzyme cleavage as an initial step and, if so, to identify which led to enhanced cell death but markedly decreased the proteases are involved. occurrence of the NIIs. Surprisingly, this indicates oppoSeveral gene products associated with polyglutamine sitional effects of proteasomal inhibition on NII formation disorders, including huntingtin (Goldberg et al., 1996) , and neuronal survival. These observations support the atrophin-1 (Miyashita et al., 1997), ataxin-3, and the annotion that NIIs do not directly compromise neuronal drogen receptor (Wellington et al., 1998) have been viability.
shown to be cleaved by caspases, cysteine proteases Nuclear Entry: the Road to Death? that are activated during apoptosis. Caspase-mediated It is puzzling why huntingtin, a cytoplasmic protein, accleavage of these proteins generate N-terminal truncated cumulates in the nucleus. Both Saudou et al. (1998) and proteins containing expanded polyglutamine tracts that Klement et al. (1998) have data linking nuclear localizamight then be prone to form aggregates and/or contribtion to cell death. Saudou, Greenberg, and colleagues ute to cell death. Along these lines, caspases might be examined whether the entry of huntingtin into the nuactivated by mutant polyglutamine proteins themselves cleus is a necessary step for initiating neuronal apoptoor by their cellular decompartmentalization (e.g., transsis in neuronal cells expressing mutant huntingtin. The location to the nucleus), and the activated caspases expression of mutant huntingtin containing a nuclear would then cleave these proteins during the "effector" or export signal (NES) in striatal neurons inhibited the for-"execution" stage of apoptotic cell death. Alternatively, mation of NIIs; this could be reversed by treatment with caspase cleavage of these proteins may merely be a the nuclear export inhibitor leptomycin B. When formasecondary consequence of the apoptotic cell death protion of NIIs was inhibited by expression of mutant huncess. In either case, it is important to determine whether tingtin containing an NES, neuronal apoptosis was also caspase-cleaved products (e.g., truncated huntingtin) blocked completely. more readily form aggregates (e.g., NIIs) and whether Similar results were found in a mouse model of SCA1.
the cleaved products influence the rate of cell death. In contrast to huntingtin, ataxin-1 is normally localized
The new data from Saudou et al. (1998) show that the to both the nucleus and cytoplasm, and it contains a the formation of NIIs does not appear to require cleavage nuclear localization sequence (NLS) (Klement et al., by an Ac-DEVD-CHO-sensitive caspase, at least for hun-1998). Klement, Orr, and colleagues created mice extingtin (see above). Nevertheless, it remains important pressing ataxin-1 with a mutated NLS. As a result, neither significant ataxia nor severe Purkinje cell pathology for future studies to delineate the temporal order of caspase activation, aggregate formation, and cell death. However, it should be noted that a potentially neuropathogenic role for smaller submicroscopic aggregates Along similar lines, it will also be critical to determine whether caspase cleavage is required for nuclear transhas not been ruled out in these recent studies. Although ␤-amyloid is considered to be a neurotoxic agent in AD, location.
Interacting Proteins: Dangerous Liaisons?
it is also conceivable that cellular decompartmentalization of its precursor, APP, may be more detrimental to Despite the widespread expression of the polyglutamine disease-associated proteins, only select neurons are cell function than are A␤ aggregates. Finally, the issue of whether caspase cleavage of these proteins is a priaffected while others are spared in their respective disorders. Many interacting proteins for huntingtin and mary or secondary event in the neurodegenerative process remains to be resolved. Future experimentation other polyglutamine disease proteins have now been identified (reviewed by Gusella and MacDonald, 1998) , elucidating the relationships between expanded polyglutamine repeats and potential gain-of-function effects although their cellular distributions do not strictly correlate with the pathological profiles of these diseases.
on protein trafficking, processing (e.g., caspase cleavage), and aggregation should greatly benefit our underThe aberrant interaction of mutant proteins with specific partners in selective neuronal populations has been prostanding of the molecular basis of these and other related neurodegenerative disorders. posed to play a role in determining cell-specific vulnerability in the polyglutamine diseases (Gusella and Mac- with the huntingtin domain containing an expanded gluIgarashi, S., Koide, R., Shimohata, T., Yamada, M., Hayashi, Y., tamine tract appears to promote the formation of aggre-
